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Objective To compare pulsed-field gel electrophoresis (PFGE) typing and O:K-serotyp-
ing of Klebsiella in two different epidemiological settings.
Methods One hundred and four bacteremia isolates without known epidemiological
relation and 47 isolates from an outbreak in a neonatal intensive care unit (NICU) were K-
typed by countercurrent immunoelectrophoresis (CCIE), O-typed by an inhibition
enzyme-linked immunosorbent assay method, and typed by pulsed-field gel electro-
phoresis (PFGE) using the restriction enzyme XbaI.
Results Typing data for the 104 bacteremia isolates were compared with regard to
typability, number of types, maximum number of isolates per type, and the Discrimi-
native Index (DI). O-typing combined with K-typing (DI 0.98) as O:K-serotyping (DI 0.99)
gave a very discriminative typing system, whereas O-typing alone was not very
discriminative (DI 0.76). PFGE (DI 1.00) was a more discriminative typing method than
O:K-serotyping, as it could subdivide 13/22 O:K-serotypes into smaller groups. Isolates
with the same PFGE-type had the same O:K-serotype, indicating that isolates with
different O- and/or K-types could be expected to be of different PFGE-types. Typing
of the 47 isolates from the outbreak in the NICU showed that 38 isolates belonged to a
single clone, and that during an epidemic limited in time and space, differences in the
electrophoretic patterns of up to five bands between a parental pattern type and a subtype
may be found in the PFGE profiles.
Conclusions Both O:K-serotyping and PFGE typing are highly discriminative typing
methods. PFGE is the most discriminative method and is excellent for typing outbreaks
with few isolates. If large numbers of isolates are to be typed, a more convenient strategy
might be first to K- or O:K-serotype isolates followed by PFGE typing of possible identical
isolates. Since K- or O:K-serotyping is a definitive typing method, while PFGE typing is a
comparative one, PFGE cannot, for the time being, replace O:K-serotyping for surveil-
lance purposes.
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I N T R O D U C T I O N
Klebsiella species, in particularly Klebsiella pneumo-
niae, are important nosocomial organisms [1],
accounting for 16.7 infectious episodes per
10 000 patient discharges [2]. The main popula-
tions at risk are neonates, immunocompromised
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patients and patients predisposed by prior sur-
gery, diabetes mellitus and malignancy [3].
One of the first reports of nosocomial Klebsiella
infections based on K-typing was published by
Ørskov in 1952 [4] and since then, accounts of num-
erous other outbreaks have been published [5].
To elucidate the epidemiology of these out-
breaks a large number of typing methods have
been used: K-typing, biotyping, bacteriocin typing,
phage-typing, plasmid pattern, restriction endo-
nuclease analysis (REA), ribotyping, random amp-
lified polymorphic DNA (RAPD) and pulsed-field
gel electrophoresis (PFGE) [6,7]. Until recently the
‘gold standard’ has been K-typing based on the
antigenic differences of the polysaccharide cap-
sule, but in recent years most investigators
have used a DNA-based technology, especially
PFGE.
O-typing of Klebsiella by tube agglutination has
only been performed to a very limited extent, as
the heat-stable polysaccharide capsule necessitates
the laborious isolation of non-capsulated mutants.
Additionally, O-typing is a less useful epidemio-
logical tool, as the number of types is limited
compared to that of K-typing. At present there
are only nine recognized O-types in contrast to
77 K-types [8]. However, the introduction of an
inhibition enzyme-linked immunosorbent assay
(ELISA) me thod has now made O-typing of
Klebsiella feasible [9].
The aim of this study was to compare typing of
Klebsiella by PFGE with O:K-serotyping. We stu-
died several parameters, such as typability and the
Discriminative Index (DI), for the two typing
methods to type 104 isolates from a non-outbreak
situation. In addition, 47 isolates from an outbreak
in a neonatal intensive care unit (NICU) were
typed in order to evaluate the stability of types
during an outbreak.
M A T E R I A L S A N D M E T H O D S
In Part 1 of the study a total of 104 isolates were
included: 102 bacteremia isolates (77 K. pneumoniae
and 25 K. oxytoca), and two K. pneumoniae isolates
from peritoneal fluid from two patients with con-
current bacteremia. The 102 bacteremia isolates
originated from Hvidovre Hospital, Denmark
and were collected during a period when no out-
breaks were suspected or known to have occurred
[3]. Among the 104 isolates were five pairs of
isolates from five patients: three patients had
bacteremia twice, and two patients had concurrent
bacteremia and peritonitis.
In Part 2 of the study a total of 47 K. pneumoniae
isolates from an outbreak in an NICU in Madras,
India were included: 28 blood isolates, seven
patient isolates from other sites, nine isolates from
medical staff, and three isolates from the hospital
environment were used (V. Sperling and D. S.
Hansen, manuscript in preparation).
K-typing and antiserum production
K-typing was done by counter-current immuno-
electrophoresis (CCIE) using a modification of the
method described by Palfreyman [10]. An extract
was used as antigen instead of a whole cell sus-
pension; the extract was a modification in that it
was only heated once for 1 h at 100 8C before
centrifugation [11]. All isolates with negative or
doubtful reactions in CCIE were investigated by
the classical Quellung technique, and K-type non-
typable (KNT) isolates were investigated for the
presence (Kþ) or absence (K) of a visible capsule
by wet-mount microscopy with Indian Ink [12].
The O:K-antiserum against the outbreak strain
(i28-94) was produced as described elsewhere [13].
O-typing
O-typing was performed using an inhibition ELISA
(iELISA) method [9]. The following O-groups were
recognized: O1, O2, O2ac, O3, O4, O5, O7, O8 and
O12. The iELISA specific for the O antigen of the
outbreak strain in Part 2 was made with purified
lipopolysaccharide (LPS) from a spontaneous K
(non-capsulated) mutant of strain i28-94 and the
O:K-antiserum raised against strain i28-94, using
the same methods as for the known O-groups. O-
group non-typable (ONT) isolates that did not
react in any of the nine iELISA systems were
investigated by sodium dodecyl sulphate–polya-
crylamide gel electrophoresis (SDS–PAGE) for the
presence (Oþ) or absence (O, rough isolates) of
high-molecular lipopolysaccharide bands [9].
PFGE
PFGE restriction pattern was obtained on a CHEF
DR II-apparatus (Biorad, Hercules, CA, USA)
using XbaI (New England Biolabs, Beverly, MA,
USA) as restriction enzyme. The fragments were
separated in a 1% agarose gel (Life Technologies,
Paisley, UK). The electrophoresis conditions were
200 V for 23 h with pulse times from 5 to 90 s.
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Lambda ladders (New England Biolabs) were
applied as molecular size markers. Lanes derived
from the 104 isolates in Part 1 were initially ana-
lyzed using the BIO IMAGE software (UMPGA clus-
tering method; data not shown). Ten isolates were
run in doublets on different gels and on different
days. A cut-off value of 10% below the similarity
value at which these 10 doublets were recognized,
was applied to identify indistinguishable profiles,
resulting in a cut-off value of 60%. All indistin-
guishable isolates identified in this way were re-
run side-by-side on a new gel and compared by the
eye. Interpretation of PFGE patterns was carried
out according to Tenover et al. in both Part 1 and
Part 2, allowing for up to two genetic events
resulting in up to six bands difference between
two lanes for identical/closely related isolates [14].
In Part 2 the parental strain pattern for the
outbreak strain was identified as discussed else-
where [15].
Evaluation of the typing methods
To compare PFGE and O:K-serotyping we typed
the 104 isolates from Part 1 with both methods and
studied typability, number of types, maximum
number of isolates per type and the DI. The DI
was calculated using the formula of Simpson index
of diversity as given by Struelens et al. [16]. Non-
typable isolates were assigned to a single type in
these calculations.
In comparisons between isolates, ONT but Oþ
isolates were regarded as belonging to an O-group
different from any of the nine O-groups recog-
nized by the iELISA systems. Isolates that had lost
the capability to express the high molecular LPS
(O mutants) could in contrast belong to any O-
group, and were therefore not regarded as belong-
ing to any exclusive O-group. In analogy with the
situation for the O mutants just discussed, KNT
isolates were not regarded as belonging to any
exclusive K-type (as five of six KNT isolates were
K; see below).
R E S U L T S
Part 1: 104 isolates from a non-outbreak
situation
The number of K-, O-, and PFGE-types, maximum
number of isolates per type, typability and the DI
for the 104 isolates are shown in Table 1.
O-typing gave a low DI (0.76) due to the uneven
distribution of the 104 isolates on a few O-types:
O1, 36; O3, 30; and O2, 15 isolates, respectively,
and one strain each of O4 and O5. In addition, 21
isolates could not be typed with any of the nine
iELISA systems used; 15 isolates were ONT but
Oþ, while six isolates were O (SDS–PAGE, data
not shown).
Typability for K-typing was 94%. Only one of six
non-typable (KNT) isolates had a visible capsule in
wet-mount microscopy with Indian Ink. The 104
isolates were distributed among 45 K-types result-
ing in a DI of 0.98. The predominant seven K-types
were: K3 and K31 (nine and five isolates, respec-
tively), and K24, K29, K35, K55 and K64 (four
isolates each).
By combining K-typing with O-typing the num-
ber of types increased from 45 K-types to 68 O:K-
serotypes, and the DI increased from 0.98 to 0.99.
This small increase in the DI indicates that 13 of 17
K-types comprising three or more isolates were
subdivided into two or three O:K-serotypes. The
six KNT isolates were subdivided by O-typing into
three groups: O1:KNT (three isolates), O3:KNT
(two isolates), and ONT:KNT (one isolate). For
20 isolates, distributed on 12 O:K-serotypes, either
the K-type or the O-type was non-typable. Seven of
these 12 O:K-serotypes contained only one isolate.
PFGE typing resulted in 88 different PFGE-types
(PF) of which the predominating nine were: PF61
and PF166 (three isolates each), and PF7, PF20,
PF29, PF59, PF98, PF113, and PF157 (two isolates
each). Five isolates were non-typable (PFNT). For
these five isolates, the whole process was repeated
at least three times, and other enzymes, i.e. HinfI,
EcoRI, HindIII and SmaI, were tried but they
repeatedly gave a smear on the gels (DNA
degraded; data not shown). The increase in the
DI from 0.99 in O:K-serotyping to 1.00 (DI¼ 0.996)
in PFGE indicated that 22 O:K-serotypes compris-
ing two or more non-distinguishable isolates were
Table 1 Number of K-, O-, O:K- and PFGE-types (No.),
maximum number of isolates per type (Nmax), typability,
and discriminative index (DI) for 104 nonoutbreak isolates
No. Nmax Typability DI
O-typing 5 36 80% 0.76
K-typing 45 9 94% 0.98
O:K-typing 68 6 99% 0.99
PFGE-typing 88 3 95% 1.00
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reduced to only seven pairs and two triplicates of
isolates non-distinguishable by PFGE. The five
PFNT isolates comprised three single isolates
belonging to different O:K-serotypes (K. oxytoca
O3:K68, K. oxytoca ONT:K20, K. pneumoniae
ONT:K61). The last two PFNT isolates belonged
to two O:K-serotypes comprised of two and three
isolates, respectively (see Table 2).
Typing results were compared with clinical data
for the seven pairs and two triplicates of isolates
with the same PF. In Table 2 patient identification,
department of isolation, number of days between
first and second (third) isolation, O:K-serotype and
species for these isolates are shown. The three
pairs of isolates from the three patients who had
bacteremia twice (C, D and F), and the two pairs of
isolates from the patients who had concurrent
bacteremia and peritonitis (G and O), had pairwise
the same PF and O:K-serotype. Second bacteremic
episodes in patients C, D and F were seen up to
216 days after the first episode, and were pro-
ceeded in all three patients by long-term coloniza-
tion of the urinary tract. Based on clinical data and
the identity of PF and O:K-serotypes, we believe
that the following five sets of bacteremic episodes
represent cases of cross-infection: patients A and B
3 days apart on different wards (but in the same
building); patients H and I 272 days apart on the
same ward; patients J, K and L within 8 days on
two different wards; patients M and N on the same
day in the same department; patients E and D
267 days after it first was isolated from patient D
(who had bacteremia twice). Patient R could the-
oretically be infected by the same strain as patients
P or Q, as patient R’s strain was PFNT. However,
neither clinical data nor ribotyping supported this
possibility (RiboPrintTM by Qualicon using EcoRI,
data not shown). Patient T’s strain was also PFNT,
but in this case it was very likely that the strain was
identical to the K. oxytoca isolated from patient S
(cross-infection) as shown from clinical data and
by ribotyping.
Part 2: 47 isolates from an NICU outbreak
Thirty-eight of the 47 isolates from the NICU out-
break had identical or closely related PFGE pro-
files. This large cluster contained 28 blood isolates,
Table 2 Data for seven pairs and two triplets of isolates with identical PFGE types originating from a total of 20 patients
labelled A-T: department, number of days between first and second (third) isolation date (Days), O:K-serotype, PFGE-type
(PF), and species. For more information see text
Patient Department Days O:K serotype PF Species
A Endocrinology – O1:K81 PF113 K. oxytoca
B Gastroenterology 3 O1:K81 PF113 K. oxytoca
C Rheumatology – O2:K3 PF157 K. pneumoniae
C Endocrinology 216 O2:K3 PF157 K. pneumoniae
D Urology – OR:K79 PF166 K. pneumoniae
D Urology 20 OR:K79 PF166 K. pneumoniae
E Gastroenterology 267 O3:K79 PF166 K. pneumoniae
F Rheumatology – O1:K3 PF20 K. pneumoniae
F Rheumatology 50 O1:K3 PF20 K. pneumoniae
G Nephrology – O1:K1 PF29 K. pneumoniae
G Nephrology 3 O1:K1 PF29 K. pneumoniae
H Neonatal ICU – O1:K2 PF59 K. pneumoniae
I Neonatal ICU 272 O1:K2 PF59 K. pneumoniae
J Endocrinology – O1:K3 PF61 K. pneumoniae
K Endocrinology 0 O1:K3 PF61 K. pneumoniae
L Gastric surgery 8 O1:K3 PF61 K. pneumoniae
M Gastric surgery – O2:K27 PF7 K. pneumoniae
N Gastric surgery 0 O2:K27 PF7 K. pneumoniae
O Endocrinology – O1:K39,46 PF98 K. pneumoniae
O Endocrinology 9 O1:K39,46 PF98 K. pneumoniae
P Endocrinology – O3:K31 PF39 K. pneumoniae
Q Gynaecology 27 O3:K31 PF14 K. pneumoniae
R Gastric surgery 35 O3:K31 PFNT K. pneumoniae
S Gastric surgery – O3:K29 PF83 K. oxytoca
T Gastroenterology 11 O3:K29 PFNY K. oxytoca
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seven non-blood specimens, two isolates from staff
members (nasal and skin swab) and one isolate
from the water used to prepare feed for the babies.
Figure 1 shows the digitalized (non-normalized)
PFGE gel image of 17 isolates from seven patients
in which more than one isolate was found; also the
gel image of isolate i28-94 against which the (O):K
antiserum was raised is also shown. The number
of band differences between first and second
(third) isolates from each of the seven patients,
between the smallest (48.5 kb) and the largest
(1018.5 kb) markers, was as follows (from top of
gel, Patient/Number of bands): De/1 and 1, Cha/
3, Ram/0 and 2, Pa/2, Chi/3, Jay/5 and 3, Bo/4.
The parental strain pattern for the outbreak
strain was found to be that represented by isolate
i31-94. The number of band differences between
i31-94 and the other 37 isolates was on average 1.7
(range 0–5).
Isolate i35-94 in Figure 1 shows an example of in
vitro instability, since the altered position of the
second largest band (reduced size) was not found
in an earlier PFGE gel (not shown).
The 38 isolates of the outbreak strain was not
recognized by antisera against any of the 77 known
K-types or by any of the nine iELISA systems.
However, as it was made clear by wet-mount
microscopy with Indian Ink that the outbreak
strain had a capsule, an antiserum against isolate
i28-94 was produced. All 38 isolates reacted in
CCIE or by the Quellung reaction with this new
antiserum, and could thus be assigned to the new
preliminary K-type KX1 (K‘i28-94’). Likewise, all
38 isolates were assigned to the new preliminary
O-group OX1 (O‘i28–94’) as they reacted in the
iELISA made with LPS from isolate i28-94. The
other nine isolates with PFGE profiles unrelated to
the 38 outbreak isolates all had different O:K-
serotypes: O1:K2 (three isolates), O1:K23,
O1:K54, O1:K62, O1:KNT, O2:K62, and OX1:K2.
D I S C U S S I O N
A performance comparison with the conventional,
established typing method should be performed
whenever a typing method is introduced and used
Figure 1 PFGE gel image of 18
isolates from an NICU outbreak
restricted with the enzyme XbaI.
Seventeen isolates originate from
seven patients with more than one
isolate (four pairs and three triplets).
In addition, lane 22 shows the
profile of strain i28-4, which was
used for antiserum production. To
the right of each lane are listed strain
numbers and initials of the patient
as well as the isolate number, date of
isolation and source of isolation. In
lanes 1, 7, 13 and 19 a Lambda
ladder marker (M) is shown. The
arrowhead indicates an example of
in vitro-altered band size, see text.
The figure was made using COREL
DRAW 7.373.
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on a new micro-organism. However, this is most
often not the case [16]. Even though PFGE can
hardly be called a new typing method, it has
earned its good reputation (for typing Klebsiella)
by the simple act of plain ‘outbreak’ typing, and
not by a thorough comparison with K-typing. Few
studies have used both K-typing and PFGE, mak-
ing possible a comparison between the two typing
methods. These studies have either dealt with a
small number of isolates [17–19], or have focused
on issues other than comparison of typing meth-
ods [20,21]. O-typing of Klebsiella has only been
done to a very limited extent, but the introduction
of an iELISA method has now made O-typing
practicable [9]. In addition to comparing Klebsiella
typing by PFGE with K-typing, we have also
compared it with O:K-serotyping, as the combina-
tion of serological typing systems for other enter-
obacteria (e.g. E. coli and O-, K- and H-typing) is
known to produce a better discrimination. This
study offers the second description [22] and the
first evaluation of the use of O:K-serotyping for
typing of Klebsiella.
Both PFGE and O:K-serotyping of the 47 isolates
from the NICU outbreak showed that all Klebsiella
isolates from patients belonged to a single out-
break clone, which was also found in personnel
and in one environmental sample. In our study, we
found that during an epidemic limited in time and
space, differences in the electrophoretic patterns of
up to five bands between a parental pattern type
and a subtype may be found in the PFGE profiles.
Klebsiella PFGE-typing thus applies to the consen-
sus guidelines published by Tenover et al. [14].
Serotyping showed stability during the outbreak
as all isolates were of the same O:K-serotype.
Typing of the 104 isolates from Hvidovre Hos-
pital showed that K-typing of Klebsiella is a very
discriminative typing method, whereas O-typing
is not. In combined O:K-serotyping, however, O-
typing does subdivide K-types and thus enhances
the performance of K-typing, resulting in a very
discriminative typing system. The 104 isolates
were collected during a period when no outbreaks
were suspected or known to have occurred and
showed a very heterogeneous pattern, with iso-
lates belonging to nearly 90 different types. The
extensive typing by O:K-serotyping and PFGE,
however, disclosed a number of possible cases
of hitherto unrecognized cross-infections, and
demonstrated the well-known long-term coloniza-
tion capability of Klebsiella [4,23,24].
PFGE is a more discriminative typing method
than O:K-serotyping, since it can subdivide O:K-
serotypes. It is, however, important to note that
isolates with identical/closely related PFGE-pro-
files all had identical O:K-serotype (O or K are
not regarded as exclusive types), and that all the
distinct O:K-serotypes showed different PFGE-
profiles. The stability of K-types within PFGE-
types can also be seen in two recent reports
[19,21]. This indicates that the O- and K-antigens
in Klebsiella are genetically stable, and that isolates
with different O- or K-types can be expected to be
different (having different PFGE-types). Switching
of capsule genes between Klebsiella strains by con-
jugation have been described in vitro [25], but we
do not in our data, nor in those cited above, find
any support for such exchanges taking place
in vivo.
If only a few isolates ( 30) are to be typed and
compared, e.g. in an investigation of a local out-
break, PFGE is an excellent typing method [14]. If,
however, a larger number of isolates have to be
compared, lanes cannot be compared visually but
must be digitalized and compared by a computer
program. This, in turn, requires that ideally every
fourth lane should be a marker, increasing the
number of gels to be run by one-third. Another
approach in this situation would be to first K- or
O:K-serotype all isolates, and then only PFGE-type
isolates with identical serotype. That serological
typing still is attractive when typing numerous
isolates was recently documented in an investiga-
tion of 1000 clinical K. pneumoniae isolates from
Taiwan [20].
Another very important issue is whether the
types are definitive or not. For Klebsiella, as for,
e.g. Escherichia coli, internationally accepted type
strains exist from which antisera are produced and
with which unknown strains are compared. In this
sense O:K-serotyping is definite typing and in
principle is independent of the performing labora-
tory (as an E. coli O157 has the same serotype
world-wide). In contrast, PFGE profiles are given
arbitrary numbers by each laboratory doing this
kind of typing (comparative types). Although for
other organisms (e.g. E. coli O157, Salmonella and
Listeria) work is in progress toward establishing
PFGE as a definitive typing system by having a
common database (Pulse Net, Atlanta, GA, USA),
such an approach has not to our knowledge been
initiated for Klebsiella. When independent hospital
laboratories PFGE-type Klebsiella isolates, they
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risk, due to the lack of definitive PFGE-types,
assigning different PFGE profile numbers to the
same outbreak strain, thus obscuring the epide-
miological relationship. The epidemiological
implication of having outbreaks in several institu-
tions with isolates of different PFGE-types does
not constitute knowing that the isolates are of the
same K-type. The latter would imply that one
might deal with a much larger outbreak than first
expected. That K-typing is still a useful epidemio-
logical tool was shown recently by the description
of an epidemic of extended spectrum b-lactamase-
producing K. pneumoniae K25 strain prevalent in
both France and Belgium [21]. Similarly, a multi-
resistant K. pneumoniae K41 isolated from more
than 150 patients in 14 hospitals, mainly in the
London area, has recently been described [26].
Thus, for surveillance purposes, to track trends
over time, and to document state or nation-wide
epidemiology, PFGE cannot, for the time being,
replace K- or O:K-serotyping.
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